Hepatic fibrosis is the main determinant of clinical outcomes of chronic hepatitis C. Liver histology is frequently considered the gold standard for assessing hepatic fibrosis. However, liver biopsy is associated with sampling error, interobserver variability, and potential complications. Thus, there is a need for simple, inexpensive, and reliable noninvasive means to assess disease severity in patients with chronic hepatitis C. Clinical examination is unreliable in differentiating different stages of compensated liver disease. Among the routine laboratory tests, decreased platelet count, increase in the ratio of aspartate to alanine aminotransferase ( 
A n important component of management of hepatitis C is the clinical assessment of disease severity. Liver histology is frequently considered the gold standard for establishing the severity of hepatic necroinflammation and fibrosis. However, liver biopsy is associated with risks of complications, patient discomfort, and expense. Therefore, tracking of liver disease progression cannot rely on repeated biopsies. In addition, interobserver variability and sampling error may lead to erroneous staging. For example, studies involving expert hepatopathologists showed an interobserver agreement in fibrosis staging ranging from 70% to 90% and an intraobserver agreement of 60% to 90%. 1, 2 The level of agreement for necroinflammation was uniformly lower. Studies comparing needle biopsy specimens with laparoscopic examination of the liver reported an underestimation of cirrhosis in 15% to 30% of patients, while studies of multiple liver biopsies obtained from the right lobe of the liver showed a sampling error of 10% to 20%. 3, 4 These findings are not surprising because a 2 cm core of liver tissue represents only 1/50,000th of the entire organ.
A noninvasive means of assessment of disease activity and stage would be very helpful, particularly in monitoring patients with chronic hepatitis C virus (HCV) infection over time. An ideal test would be simple, readily available, inexpensive, accurate, and sensitive to the effects of therapy (Table 1) . At present, the available noninvasive means of assessing liver disease severity and stage are imperfect and lack accuracy and reliability. Noninvasive approaches to assessment of severity of hepatitis C include clinical symptoms and signs, routine biochemical and hematologic blood tests, serum markers of fibrosis and inflammation, combinations of clinical and blood test results, quantitative assays of hepatic function, and radiologic imaging studies ( Table 2) .
Clinical Features of Disease Severity
Clinical symptoms and signs of liver disease are often unreliable in assessing disease severity in patients with compensated liver disease. A variety of symptoms including fatigue, itching, and right upper abdominal discomfort, as well as impaired quality of life, occur in patients with chronic hepatitis C, but symptoms and quality of life scores correlate poorly with liver disease severity. Likewise, physical findings of chronic liver disease, such as jaundice, pedal edema, hepatosplenomegaly, ascites, and encephalopathy, are frequently absent until patients develop decompensated cirrhosis.
Adverse outcomes of chronic hepatitis C including liver failure, hepatocellular carcinoma, and death rarely occur in pre-cirrhotic patients. Despite improvements in the efficacy of treatment of chronic hepatitis C, therapy is not recommended for all patients because of the indolent course in some patients, and the expense, unpleasant side effects, and low overall efficacy (50% to 60%) of current treatment. Thus, accurate determination of the extent of hepatic fibrosis or stage of liver disease is important for prognostication, decisions regarding treatment, and monitoring of disease progression.
Although clinical and historical data have been shown to correlate with rate of fibrosis progression, their accuracy in predicting stage of fibrosis on liver biopsies is low. In a study of 2,235 French patients with chronic hepatitis C, Poynard et al 5 identified 3 independent factors associated with an increased rate of hepatic fibrosis: age at infection older than 40 years, daily alcohol consumption of 50 g or more, and male sex. However, the same investigators found that the discriminatory value of these 3 clinical factors for significant (Metavir score F2 to F4) as well as advanced fibrosis (Metavir score F3 and F4) was inferior compared with a 5-marker biochemical index (vide infra) (T. Poynard, personal communications, April 2002). A poor correlation between estimated fibrosis based on the 3 historical factors listed previously and histological fibrosis was also observed in a study of 106 Canadian patients. 6 Thus, clinical and historical data alone cannot reliably predict hepatic fibrosis in patients with chronic hepatitis C. Other clinical factors that have been shown to be associated with more severe or rapidly progressive liver disease include coinfection with hepatitis B virus or human immunodeficiency virus, and long-term immunosuppressive therapy. 7, 8 
Routine Laboratory Tests
Laboratory tests that are routinely included in the evaluation of patients with hepatitis C include a serum panel of liver tests (albumin, total bilirubin, aspartate aminotransferase [AST], alanine aminotransferase [ALT], and alkaline phosphatase), prothrombin time, and complete blood counts. Serum ALT levels reflect liver injury, but the correlation between ALT levels and necroinflammatory and fibrosis scores is poor. 7, 8 Despite the poor quantitative correlation, most patients with persistently normal ALT levels (at least 3 normal values over a 6 to 12 month period) have less inflammation and fibrosis [9] [10] [11] and slower rate of fibrosis progression compared with patients with elevated ALT levels. One study found that AST had a stronger correlation with liver histology, in particular hepatic fibrosis. 11 Reversal of AST/ALT ratio was observed when patients progress from chronic hepatitis to cirrhosis 12 and AST/ALT ratio of more than 1 had been reported to have very high specificity (82% to 100%) for cirrhosis. [13] [14] [15] [16] Serum albumin, bilirubin, and prothrombin time reflect hepatic function, but these values frequently remain normal in patients with compensated or early cirrhosis.
Among the routine laboratory tests, decreased platelet count, reversal of AST/ALT ratio, and prolonged prothrombin time are the earliest indicators of cirrhosis. [15] [16] [17] [18] [19] [20] [21] [22] A study of 323 patients with chronic hepatitis C found that platelet count or prothrombin time tested at a single time point was predictive of significant hepatic fibrosis (Metavir score F2 to F4 [T. Poynard et al., personal com- 
munication, April 2002])
. Preliminary analysis of the baseline data of 667 hepatitis C patients enrolled in the HALT-C (Hepatitis C Antiviral Long-term Treatment against Cirrhosis) trial found that a multivariate logistic regression model comprising platelet count, AST/ALT ratio, alkaline phosphatase, and prothrombin time was predictive of cirrhosis. 23 In other studies of patients with chronic liver disease undergoing surveillance endoscopy, a low platelet count and prolonged prothrombin time correlated with the presence and size of esophageal varices, but the specificity for the presence of varices was low (58%). 24 Other investigators have also proposed that a composite index that includes platelet count and serum bilirubin levels may be a useful means of identifying patients with HCV-related cirrhosis who should undergo surveillance for hepatocellular carcinoma. 25 These studies suggest that combinations of routine laboratory tests may be used to predict significant fibrosis or cirrhosis in chronic hepatitis C patients, but the sensitivity and specificity of these tests is suboptimal (70% to 80% at best). In addition, the validity of these tests/models in the general population of hepatitis C patients remains to be determined.
Serum Markers of Fibrosis and Inflammation
In attempts to improve the accuracy of predicting histological activity and fibrosis, many investigators have explored the use of serum markers of inflammation and fibrosis. Ideally, serum markers of inflammation and fibrosis should be simple, inexpensive, readily available, reproducible, and accurate. Potential markers of fibrosis include products of collagen synthesis or degradation, enzymes involved in matrix biosynthesis or degradation; extracellular matrix glycoproteins, and proteoglycans/glycosaminoglycans (Table 3) . For these markers to accurately reflect hepatic fibrogenesis or fibrolysis, they should be organ-specific and the biological half-life should be independent of urinary and biliary excretion as well as sinusoidal endothelial uptake. Unfortunately, none of the available markers fulfill all these criteria.
Serum hyaluronic acid and N-terminal propeptide of type III collagen (PIIINP) levels have been most extensively evaluated in patients with chronic hepatitis C. Increase in serum hyaluronic acid level may be a result of increased hepatic stellate cell production as well as a decrease in removal by hepatic sinusoidal endothelial cells. Several studies showed that serum hyaluronic acid levels correlate with the degree of hepatic fibrosis in patients with chronic hepatitis C. 26, 27 The primary role of testing for serum hyaluronic acid level is to identify patients without cirrhosis (greater than 90% negative predictive value). One study of 486 chronic hepatitis C patients found that a serum hyaluronic acid level of less than 60 g/L had 99% accuracy in predicting absence of cirrhosis on liver histology (negative predictive value), but the accuracy of serum hyaluronic acid level in diagnosing cirrhosis was low (30% positive predictive value). 26 Serum levels of PIIINP correlate better with inflammation and are inferior to serum hyaluronic acid levels in predicting hepatic fibrosis. 27 Recently, serum YKL-40 has been reported to be superior to hyaluronic acid levels in predicting hepatic fibrosis. 28, 29 YKL-40 is a mammalian member of a chitinase family with a molecular weight of 40 kd. The physiologic functions of YKL-40 are unknown. The protein is expressed in human liver and may be involved in the remodeling of the extracellular matrix. A recent study of 129 patients with different causes of chronic liver disease found that serum YKL-40 levels were increased, even in patients with mild fibrosis, and correlated better with histological fibrosis scores than serum hyaluronic acid levels. 28, 29 Further studies in larger numbers of patients are needed to confirm the utility of testing for YKL-40 levels in assessing hepatic fibrosis in patients with chronic hepatitis C. Based on available data, it is unlikely that individual serum markers of fibrosis can replace liver histology. Whether a combination of markers will have better accuracy remains to be determined. In an ongoing study in Europe, a panel of 10 markers were evaluated; PIIINP, hyaluronic acid, tissue inhibitory metalloprotease-1 (TIMP-1), and collagen IV correlated best with histological fibrosis scores. 30 The final results of this study are awaited.
Other investigators have studied a combination of routine laboratory tests and serum markers of fibrosis and inflammation. One study of 339 patients with chronic hepatitis C found that an index based on patient age and gender combined with 5 biochemical markers (total bilirubin, haptoglobin, gamma glutamyl transpeptidase, alpha-2 macroglobulin, and apolipoprotein A1) was the most accurate in identifying patients with significant hepatic fibrosis. 31 An index of 0 to 0.10 had a 100% negative predictive value, while an index of 0.60 to 1.00 had a greater than 90% positive predictive value for a Metavir score of F2 to F4. Inclusion of other markers did not improve the predictive value. Subsequent studies from the same investigators found that the 5-marker index was superior to historical data (age at infection and alcohol consumption), platelet count, or prothrombin time in predicting significant fibrosis (Metavir score of F2 to F4) or advanced fibrosis (F3 and F4). These findings are very encouraging but need to be validated in other laboratories and other patient populations. A major limiting factor in the use of this index is that 50% of the patients fall into the intermediate zone (index 0.20 to 0.80) where the predictive accuracy is low. In addition, the index was designed to detect the presence of clinically significant fibrosis. It has a low negative predictive value for mild fibrosis. Thus, the ability to differentiate among varying degrees of hepatic fibrosis is limited. Furthermore, all except one study on the 5-marker index were cross-sectional and the utility of the index in monitoring disease progression remains to be determined.
Quantitative Tests of Liver Function
Quantitative tests of liver function are based on the turnover of a test substance, which is metabolized almost exclusively by the liver. Clearance of the substrate is determined by hepatic blood flow (hepatic artery and portal vein) and hepatic metabolic capacity. A variety of oral and intravenously administered metabolic probes, such as aminopyrine, galactose, and monoethyl glycine xylidide, have been evaluated. In general, these metabolic tests can reliably differentiate patients with compensated versus decompensated cirrhosis. Tests of hepatic metabolism and tests of hepatic blood flow (indocyanine green clearance) have been used mainly in the prediction of survival of patients with cirrhosis, especially after surgery, 32 but their ability to identify patients with mild or moderate fibrosis has not been properly examined.
A recent study compared 2 tests of hepatic metabolism (aminopyrine breath test and galactose elimination capacity) and 2 tests of hepatic blood flow (indocyanine green clearance and sorbitol clearance) in 367 patients with chronic hepatitis B or C, and 25 age-matched healthy controls. 33 The investigators found that metabolic liver function was significantly decreased even in patients with mild or moderate fibrosis. In contrast, hepatic perfusion declined only in patients with severe fibrosis or cirrhosis. These data suggest that tests of hepatic metabolic function may be used in assessing hepatic fibrosis. However, these tests are cumbersome and expensive and unlikely to be applicable in clinical practice. In addition, the performance (predictive values for different stages of fibrosis) of these tests was not analyzed and their accuracy in comparison with simpler more readily available tests was not discussed.
Radiologic Imaging
Ultrasound and other imaging techniques such as computed tomography and magnetic resonance imaging can be used to diagnose cirrhosis based on the presence of an enlarged spleen, small nodular liver, ascites, and intraabdominal varices. In addition, radiologic imaging can detect hepatocellular carcinoma. However, ultrasound is highly operator-dependent while computed tomography and magnetic resonance imaging are very expensive. In addition, the presence of increased liver echogenicity on ultrasound does not reliably differentiate hepatic steatosis from fibrosis. Furthermore, current imaging techniques are unable to assess the extent of hepatic fibrosis and are not sufficiently sensitive to detect early cirrhosis. A recent study examined 12 clinical and 11 Doppler ultrasonic variables in 243 patients with chronic (alcoholic and viral) liver disease among whom 45% had evidence of clinical decompensation (ascites or encephalopathy). The diagnostic accuracy of Doppler ultrasound for cirrhosis among the 83 patients with chronic hepatitis was 86% (positive predictive value, 62%; negative predictive value, 92%). 34 Nodularity on the liver surface was the most discriminatory ultrasound feature. These data suggest that cirrhosis can be diagnosed by ultrasound in 60% to 80% of patients in the best of hands. However, the generalizability of these data to clinical practice is uncertain. In addition, the investigators acknowledged that not all patients in the study could be evaluated because of anatomic limitations. Recently, contrast-enhanced Doppler ultrasonography has also been reported to increase the accuracy of the diagnosis of cirrhosis. 35 These data are preliminary and require confirmation by other groups.
Radionuclide liver spleen scans using technetium 99m-labeled sulphur colloid taken up by Kupffer cells have also been used to assess hepatic function. 36 This technique is sensitive in diagnosing cirrhosis, but there is very little data on its accuracy in detecting mild or moderate hepatic fibrosis. The expense of this test and its low sensitivity in detecting early fibrosis limit its clinical use in patients with chronic hepatitis C.
Recommendations on Noninvasive Monitoring
Significant progress has been made in the noninvasive assessment of hepatic fibrosis. However, none of the tests or indices discussed previously will, on their own, replace liver histology as a means of assessing activity and stage of disease in the near future. Additional refinement and validation of these tests and indices are necessary to confirm their applicability in clinical practice and their value, not only in the initial assessment of patients, but also in monitoring disease progress. Ideally, these tests and indices should provide accurate prediction of the full spectrum of liver disease, not just dichotomous outcomes. Noninvasive tests that could reliably distinguish moderate to severe fibrosis from mild fibrosis may also prove useful to clinicians for treatment decisions and disease monitoring. Recommendations on noninvasive monitoring of patients with chronic hepatitis C in 2002 will continue to rely on clinical evaluation, routine laboratory tests, and standard imaging. The reader should be aware that the following recommendations have not been validated in prospective studies. Because the appropriate monitoring plan will vary in light of the relevant facts and circumstances surrounding each individual patient with chronic hepatitis C, these recommendations are intended to serve as guidelines and not "standards of care," and may be updated as new information becomes available.
Initial Evaluation
The initial evaluation of patients with chronic hepatitis C should focus on assessment of activity and stage of liver disease for prognostication, decisions regarding treatment, and to rule out other causes of liver disease (Table  4) . Patients should undergo a thorough history and physical examination to estimate the age at infection, quantify alcohol consumption, and to evaluate symptoms and signs of chronic liver disease.
A sensitive test for HCV RNA is recommended in patients with antibody to HCV (anti-HCV) who have normal ALT levels and no risk factors for infection, because up to 30% of these individuals may have resolved infection or a false-positive anti-HCV test result. In contrast, the pretest probability is high in anti-HCV-positive patients with risk factors and/or clinical or biochemical evidence of chronic liver disease. Therefore, a confirmatory test for HCV RNA is not mandatory but is highly recommended because patients with risk factors may have resolved HCV infection and other causes of aminotransferase elevations (e.g., fatty liver disease, alcohol). Quantitative HCV RNA levels and HCV genotypes do not correlate with disease severity, but these tests should be performed in patients who are considered for therapy because the results are useful in predicting the likelihood of an antiviral treatment response and in planning the duration of therapy.
The initial laboratory tests should include a liver panel, complete blood counts with platelet counts, prothrombin time, and alpha-fetoprotein. As discussed previously, decreased platelet count, reversal of AST/ALT ratio, and prolongation of prothrombin time indicate that the patient may have advanced fibrosis or cirrhosis. Laboratory tests at presentation should also include tests for other causes of liver disease such as hemochromatosis (iron saturation) and hepatitis B (hepatitis B surface antigen) and tests for antibody to human immunodeficiency virus in patients with risk factors. A baseline abdominal ultrasound should be considered, particularly for patients above the age of 40, to determine if there are features suggestive of cirrhosis and to rule out focal lesions in the liver. Assessment of underlying autoimmune disorders, thyroid dysfunction, neuropsychiatric illnesses, and coronary artery disease should be carried out before initiation of treatment.
Despite the shortcomings of liver biopsies, a baseline liver biopsy may be very useful, especially in patients above the age of 40 and patients who wish to defer treatment.
Monitoring of treatment response and adverse effects will be discussed in detail in the sections on treatment.
Long-Term Follow-Up
The frequency at which hepatitis C patients should be monitored and the tests that should be performed depend on the age of the patients, stage of liver disease, and comorbid conditions (Table 5 ). Decisions regarding treatment as well as re-treatment should be re-evaluated in patients who have had progression of liver disease, resolution of contraindications to treatment, improvement, or stabilization of comorbid illnesses. Re-evaluation is also needed as each better-tolerated and more effective treatments become available.
Patients with detectable serum HCV RNA, persistently normal ALT levels and no clinical, laboratory, and radiologic evidence suggestive of cirrhosis may be monitored at less frequent intervals. Clinical evaluation and routine laboratory tests at 6-to 12-month intervals will suffice. More frequent monitoring and evaluation into other causes of liver disease should be initiated in patients who develop abnormal ALT levels during the course of follow-up.
Patients with abnormal ALT levels who are considered to have mild liver disease should undergo clinical assessment and routine laboratory tests at 6-month intervals. The focus of noninvasive monitoring is to detect signs of liver disease progression. Monitoring is particularly important for patients who choose to defer treatment based on the finding of mild liver disease at presentation. Because of the poor sensitivity and specificity of clinical examination and routine laboratory tests, an abdominal ultrasound and possibly a liver biopsy should be considered in patients who have clinical and/or laboratory evidence of liver disease progression.
Patients with abnormal ALT levels who have a high probability of significant hepatic fibrosis or cirrhosis require more intense monitoring to detect early signs of portal hypertension, hepatic decompensation, and hepatocellular carcinoma. Thorough clinical evaluation and routine laboratory tests should be performed at 6-month intervals. Although the efficacy of alpha-fetoprotein and ultrasound in the surveillance of hepatocellular carcinoma has not yet been proven, these tests are often included in the 6-month evaluation of hepatitis C patients who have cirrhosis or advanced fibrosis. In addition, surveillance upper endoscopy for patients with early cirrhosis is recommended to detect esophageal varices and other stigmata of portal hypertension at 2-year intervals. 37 
Future Research Needs
Significant progress has been made in the development of noninvasive tests for the monitoring of patients with chronic hepatitis C. Nevertheless, none of the currently available tests can completely replace liver histology. Because of the variable course of chronic hepatitis C, and the complexity of host, virus, and environmental factors that may influence liver disease progression, availability of noninvasive tests that can be used repeatedly to monitor patients with chronic hepatitis C is crucial. These tests should be simple, inexpensive, readily available, and capable of accurate reflection of the entire spectrum of hepatic inflammation and fibrosis in the general population of hepatitis C patients. It is likely that no single test will fulfill all these criteria. Nevertheless, research to identify new serum markers that correlate with hepatic inflammation and fibrosis should continue. In addition, studies evaluating indices composed of readily available, standardized laboratory tests (with or without simple demographic data such as age and gender) should be encouraged. Indices that show promise need to be validated using several laboratories and patient populations, and should be accurate, not only in assessing liver disease at initial evaluation but also in tracking disease progression during follow-up. These indices should also be sensitive to the effects of treatment. For these goals to be accomplished, clinical centers and basic science laboratories will need to work together. Studies of noninvasive markers should include adequate numbers of patients of both sexes and a wide range of ages and ethnicities who have the full spectrum of liver disease and who are followed for a sufficient duration of time to capture disease progression. Existing clinical databases and serum repositories from well-characterized patients with hepatitis C patients may provide materials for preliminary analysis of candidate indices. Prospective multicenter studies involving a broader spectrum of patients will be necessary to validate these indices. Based on the progress of the last 10 years, there is every reason to believe that accurate noninvasive monitoring of patients with chronic hepatitis C can become a reality in the next decade.
